2-Amino-5-methyl-5-hexenoic acid (AMHA), a new methionine analog, was isolated from a fermentation broth of Streptornyces sp. MF374-C4 based on its reversal of the effect of N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) in a test system that determines the size of growth zones of revertants (His') of Salmonella typhimuriurn TAI535. AMHA also inhibited growth of the tester strain in a synthetic medium. These AMHA activities were abolished by methionine. The incidence of spontaneous streptomycin-resistant mutations of Escherichia coli K12 was not decreased by AMHA at concentrations where cell growth was partially inhibited. AMHA inhibited protein synthesis but not DNA or RNA synthesis in S. typhimuriunr TA1535 and E. coli K-12. The analog inhibited formation of methionyl-tRNA but not of valyl-tRNA in a cell-free system of E. coli, and supported ATP-PPi exchange in the cell-free system. At concentrations where it inhibited cell growth, AMHA decreased the number of foci, induced by Rous sarcoma virus, on cultured sheets of chick-embryo fibroblasts. The effects of AMHA on focus formation and on the cell growth were overcome by methionine.
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Since most carcinogens are mutagens and vice versa we have been seeking anti-carcinogens among fermentation products of streptomyces by determining their possible antimutagenic activity in a bacterial mutation system, by determining the effects of test samples on either the size of growth zones or the number of colonies of revertants of Salmonella tphimurium TAI 535 induced by N-methyl-N'-
nitro-N-nitrosoguanidine (MNNG).
A fermentation product of Streptornyces sp. MF374-C4 was isolated based on its reversal of the action of MNNG in this test and its structure was determined to be L-2-amino-5-methyl-5-hexenoic acid (AMHA), a methionine analog.
Analysis of its biological and biochemical activities indicated that AMHA primarily inhibited protein synthesis, competing with methionine and resulting in inhibition of cell growth. Its apparent antimutagenic effect could be a reflection of partial inhibition of cell growth.
Materials and Methods

Test for Possible Antimutagenic Substances
Agar plates for quantitative testing of mutagens were prepared essentially as described by AMES et al." with S. typhimurium TA1535 as the tester strain. N-Methyl or-ethyl-N'-nitro-N-nitrosoguanidine (MNNG or ENNG), chosen as standard mutagens throughout these experiments, were dissolved in methanol at desired concentrations and 50111 portions of the solution were added to paper discs (8 mm in diameter), which were then dried at room temperature.
These were placed on agar plates containing 10 ml of a bottom agar layer of 1.5y, agar in VOGEL-BONNER medium E supplemented with 2 glucose, 520 pg/liter of biotin, and 810 jig/liter of histidine; and 2.5 ml of a top agar layer containing 7 x 10' cells suspended in a 0.6 % agar solution in water. After incubation at 37°C for 48 hours, growth zones of revertants (His+) were measured (Fig. 1) . Antimutagenic substances were estimated by their activity in decreasing the growth zones of revertants induced by MNNG (or ENNG). To accomplish this, paper discs were first soaked in solutions to be tested and dried at room temperature before receiving MNNG (or ENNG). The bactericidal activity of a test compound could be distinguished by a sterilized zone on the light lawn of the background. ENNG was kindly supplied by Prof. TAIJIR0 MATSUSHIMA, Institute of Medical Science, University of Tokyo, and MNNG and S. typhimurium TA1535 by Dr. TAKASHI SUGIMURA, National Cancer Center Research Institute. eluted fractions were applied to paper discs, which were dried free of NH,OH and examined for reversal of the action of either MNNG or ENNG as described above. Active fractions were combined and dried in vacuo. The dried material was dissolved in 100 ml of a buffer (0.1 M pyridine-formic acid, pH 3.1) and applied to a 350 ml column of Dowex 50W-X8 (100-200 mesh) equilibrated with the same buffer .
Results and Discussion
The column was washed with the same buffer upon reduction and the "C-chemical shifts of C-5 and C-6 indicate that C-5 and C-6 make a vinyl group. All these data support the structure of L-2-amino-5-methyl-5-hexenoic acid.
Is AMHA truly Counteracting Mutagenesis in S. typhimurium TA1535?
AMHA was isolated from fermentation broths based on its activity in decreasing the size of growth zones of MNNG-induced revertants (His+). When AMHA was applied to paper discs at increasing concentrations in addition to a fixed concentration of MNNG, the size of growth zones became smaller;
1.0 /rg/ml of MNNG alone (23.0 mm), plus AMHA at 0.78 pg/ml (22.5 mm), 1.56,ug/ml (17.0 mm), and 3.13 /tg/ml (12 mm). Since the antibiotic was not effective if sufficient methionine were present in the test system, the problem remained as to whether AMHA was truly antimutagenic against alkylating agents or simply inhibited cell growth by competing with methionine. As Table 2 shows, AMHA lowered the number of mutants as well as that of the original cells at similar concentration ranges. These results led us to suspect that AMHA simply inhibited cell growth as an antimetabolite of methionine. Fig. 3 . Effect of AMHA on the synthesis of macromolecules in S. typhinurrium TA1535. S. typhinmrium TA1535 was grown in VOGEL-BONNER'S minimal medium E supplemented with 2 % glucose, 520,ug/liter of biotin, and 810 /tg/ liter of histidine, at 37°C with shaking until an early exponential growth stage (A600=0.036) at which time deoxyadenosine was added to a final conc. of 2 x 10-4 M. For estimation of the synthesis of cellular macromolecules, an assay mixture consisted of 50 al of the cultured cell suspension, 10 /tl of a water solution of a radioactive precursor (see below), a water solution of AMHA at the desired concentration, and water to 100/d final total volume. For determination of DNA, RNA and protein syntheses, 33 mpCi of 2H-thymidine (1.5 Ci,'m mole), 33 m/tCi of 3H-uridine (17.7 Ci/m mole), and 200 m uCi of "C-valine (239 mCi/m mole) were added to assay mixtures, respectively. The mixtures were incubated at 37`C for 20 minutes and 90 /tl portions were transferred to paper discs with which cold (for DNA and RNA) or hot (for protein) trichloroacetic acid-insoluble radioactivity was determined. After incubation at 37°C for 10 minutes, the reaction was terminated by mixing with 250 /tl of cold 10% trichloroacetic acid. To the mixture, 0.1 ml of 7.5'//, (w/v) suspension of Norit A was added and, after standing at room temperature for 45 minutes, the Norit was filtered on a Whatman GF/C disc (2.5 cm diameter), washed with 5 ml water 5 times, dried and assayed for radioactivity with scintillation solution (0.4% Omnifluor in toluene) in a liquid scintillation counter.
When no amino acid was added to the reaction mixture a value 2,485 dpm was obtained as a blank. Estimates of ATP formed was obtained by subtracting this value from that of each sample.
Inhibition of Protein Synthesis by AMHA in Cells of S. typlrimurium TA1535
Because of the structural resemblance between AMHA and methionine, the antibiotic was tested as an antimetabolite of methionine in protein synthesis. As Fig. 3 shows, inhibition of protein synthesis but not of DNA or RNA synthesis occurred in cells of S. tvphirrrurium TA1535 incubated with increasing concentrations of AMHA.
Inhibition of Synthesis of Methionyl-tRNA by AMHA in a Cell-free System of E. coli A similar selective inhibition of protein synthesis was obtained with E. coli (data not shown).
Since AMHA was effective only when methionine was under limited supply, the interaction between them should be present in some step of protein synthesis. Although AMHA supported the ATP-PPi exchange reaction as do natural amino acids (Table 3) , it inhibited synthesis of methionyltRNA but not of valyl-tRNA ( Table 4 shows, AMHA at a concentration as high as 500 /tg/ml appeared to partially inhibit transformation as reflected by a decrease in the number of foci formed. However, here again, it was suspected that AMHA really did not inhibit the transformation process. A separate experiment indicated that AMHA at the same concentration inhibited growth of chick embryonic fibroblasts almost completely, leaving their viability unaffected (data not shown).
The effect on focus formation as well as on cell growth was abolished by raising the concentration of methionine in the medium (data not shown). Therefore, it is possible that AMHA simply inhibited growth of the cells either before or after the transformation or both. Additional experiments testing the effect of AMHA on in vivo carcinogenic processes will answer if AMHA acts as a true anticarcinogen. (90pl), was equilibrated at 37°C for 4 minutes then mixed with 14C-amino acid solution (101d) and incubated for 6 minutes. A 901d portion of the mixture was transferred to a paper disc and its cold trichloroacetic acid-insoluble radioactivity was determined.
Control runs to which no AMHA was added gave 4,580 dpm and 5,980 dpm with °C-methionine and 14C-valine , respectively. Chick embryo fibroblasts (CEF) were cultured as described by RUBIN5> in medium containing of 84.5% (v/v) EAGLE'S MEM, 5 % calf serum, 10°;, tryptose phosphate broth (Difco) and 0.5'/,.' chick serum5). CEF collected from the primary culture were infected with the SCHMIDT-RUPPIN strain of Rous sarcoma virus (SR-RSV) by the method of SIMINOFF and REED6 with minor modifications as follows: In each Petri dish (60 mm diameter), a 4-ml suspension of 1).,.106 CEF with 200 focus forming units of SR-RSV was placed and incubated at 37-C for 6 hours in a humidified atmosphere of 5 % CO2. The culture fluid was replaced by 7 ml of the medium described above prepared by dissolving 0.85% (w/v) Bacto agar (Difco) and a test sample at the desired concentration.
Incubation was resumed and continued until day 8 when the cell sheet with agar-overlayer was fixed, the agar-overlayer was removed, and cells were stained for counting foci.
